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Abstract 
Poorer recognition of other-race faces relative to own-race faces is well documented 
from late infancy to adulthood.  Research has revealed an increase in the other race 
effect (ORE) during the first year of life, but there is some disagreement regarding the 
age at which it emerges. Using cropped faces to eliminate discrimination based on 
external features, visual paired comparison and spontaneous visual preference 
measures were used to investigate the relationship between ORE and face gender at 3-
4 and 8-9 months. Caucasian-White 3- to 4-month-olds' discrimination of Chinese, 
Malay, and Caucasian-White faces showed an own-race advantage for female faces 
alone whereas at 8-9 months the own-race advantage was general across gender.  This 
developmental effect is accompanied by a preference for female over male faces at 4 
months and no gender preference at 9 months. The pattern of recognition advantage 
and preference suggests that there is a shift from a female-based own-race recognition 
advantage to a general own-race recognition advantage, in keeping with a visual and 
social experience-based account of ORE. 
 




Faces are perhaps one of the most important categories of visual stimuli in our 
environment. However, recognition ability is far from uniform across faces, being 
subject to variation across races in particular. The consistent finding that adults show 
better recognition for own-race than other-race faces is referred to as the other-race 
effect (ORE; see Meissner & Brigham, 2001 for a review). One of the most influential 
theories explaining the ORE and other face processing advantages is Valentine's 
(1991) multidimensional face-space (MDS) model. According to it, familiarity with a 
given face type (e.g., own-race) provides the opportunity to learn to differentiate 
between exemplars within this familiar category (Quinn & Tanaka, 2007), whereas 
such within-category discrimination is not possible for unfamiliar face types (e.g., 
other-race). Thus, the ORE is assumed to be a consequence of predominant 
experience with faces of individuals' own-race.  
However, this effect is believed to be initially absent in infants, developing 
during the first year of life. This is consistent with the notion of ‘perceptual 
narrowing’ (Nelson, 2001). Specifically, infants begin life with a face perception 
system with a broad tuning that allows the processing of faces in general. Then, as 
they experience more faces, the face system narrows to specialize for the type(s) of 
face that they encounter most (Bar-Haim, Ziv, Lamy, & Hodes, 2006; Kelly, Liu, et 
al., 2007a; Kelly et al., 2009; Kelly, Quinn, et al., 2007b; Quinn et al., 2008; Quinn, 
Yahr, Kuhn, Slater, & Pascalis, 2002). 
There is increasing evidence that infants’ face processing is strongly 
influenced by their visual and social environment. Work has shown that spontaneous 
preference and enhanced discrimination of a specific category (i.e., own-race, female 
gender) is not present at birth but emerges during the early months (Kelly et al., 2005, 
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2007a; Quinn et al., 2008). For example, 3-month-olds show a visual preference for 
both the gender (Quinn et al., 2002; Quinn et al., 2008) and race (Kelly et al., 2005) of 
their primary caregiver. In contrast, there is inconsistent evidence regarding age of 
onset for own-race recognition advantage. Although investigators generally agree that 
the ORE develops within the first year, some studies found that 3-month-olds showed 
an own-race recognition advantage (Barrera & Maurer, 1981; Hayden et al., 2007; 
Sangrigoli & de Schonen, 2004), whereas others (Ferguson, Kulkofsky, Cashon, & 
Casasola, 2009; Kelly et al., 2009; Kelly, et al., 2007b) found ORE developing 
between 6 and 9 months. The different findings of these studies could be explained by 
two differences in the stimuli used.  Firstly, studies that demonstrated broad 
recognition ability at 3 months and an onset of ORE between 6 and 9 months 
presented faces with external information (Ferguson et al., 2009; Kelly et al., 2007b; 
2009) whereas studies that found an onset of ORE at 3 months presented faces 
without external information (Hayden et al., 2007; Sangrigoli & de Schonen, 2004). 
There is evidence that very young infants tend to process the external features of faces 
(low-level sensory cues) more easily than their internal details (Bartrip, Morton, & de 
Schonen, 2001; Hainline, 1978; Haith, Bergman, & Moore, 1977; Maurer & 
Salapatek, 1976; Pascalis, de Schonen, Morton, Deruelle, & Fabre-Grenet, 1995; 
Rose, Jankowski, & Feldman, 2008; Simpson, Jakobsen, Fragaszy, Okada, & Frick, 
2014; Turati, Cassia, Simion, & Leo, 2006). Young infants are less likely than older 
ones to scan the inner features of faces (Maurer & Salapatek, 1976; Turati et al., 
2006) and a shift away from the tendency to use external facial information is found 
between 5 and 9 months (Rose et al., 2008). Therefore, the inclusion of external facial 
information in both Ferguson et al. (2009) and Kelly et al. (2007b, 2009) may have 
permitted face identification on the basis of low-level external contour cues.  It can be 
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argued (e.g., Rose et al., 2008; Turati et al., 2006) that the ORE is linked to higher-
level configurational coding of faces and so its absence in 3-month-olds when 
external information was presented may have been due to their tendency to rely on 
external cues when these are available. The findings from these studies of a 
developing ORE in older infants may be due to the shift to configurational processing 
more than the development of ORE. And the possibility remains that other studies 
revealed an ORE in 3-month-olds because infants were compelled to process internal 
configuration. 
Secondly, Hayden et al. (2007) and Sangrigoli and de Schonen (2004), who 
showed the ORE in infancy at 3 months, presented only female faces whereas Kelly et 
al. (2007b, 2009) used both female and male faces. Because 3-month-old infants show 
a preference and processing advantage for female faces when their primary caregiver 
is female (Quinn et al., 2002, 2008), it is possible that the own-race recognition 
advantage develops first for female faces and later for male faces when their primary 
caregiver is female. For example, newborns can discriminate their mother’s face from 
another female face (Bushnell, Sai, & Mullin, 1989; Pascalis, et al., 1995; Walton, 
Bower, & Bower, 1992), two unfamiliar female faces when external features are 
available (Turati et al., 2006), and by 3 months, two unfamiliar female faces when 
external features are not available (Hayden et al., 2007; Sangrigoli & de Schonen, 
2004). However, they do not have the same discrimination abilities when it comes to 
their father’s face. Newborns (Walton et al., 1992) and 4-month-olds (Ward, 1998) 
are not able to discriminate their father’s face from another unfamiliar male face. 
Even by the age of 7 months, infants still have difficulty discriminating among 
unfamiliar male faces (Fagan, 1976). This may be related to the developmental task of 
forming an attachment relationship in infancy (e.g., Scherf & Scott, 2012) whereby 
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the need to perceptually discriminate primary caregiver(s) from all other individuals 
induces the emergence of recognition advantages for faces of the same race, gender, 
and age of the primary caregiver. Note that the absence of face gender differences at 3 
months in work by Kelly et al. (2007b; 2009) could be because 3-month-old infants 
were able to rely on external facial information, a level of identification at which an 
experience-based female face advantage might not emerge. 
The aim of the work that we report here is to investigate the possible 
interaction between face gender and face race in the emergence of the ORE. Mindful 
of the considerations above, we presented faces on a black background and cropped 
out the overall shape of the head. This step was taken to ensure that infants were not 
using hairstyle/hair shape cues; forcing them to process more subtle cues and so 
providing circumstances under which we would expect to see evidence of face 
specialization if it has occurred. Secondly, focusing on knowledge that young infants 
show a processing advantage for female faces that is likely related to the 
characteristics of their primary caregiver (Quinn, et al., 2002, Scherf & Scott, 2012), 
we specifically investigated infants with female (own-race) primary caregivers. We 
used two measures to assess face recognition and face preference of 3- to 4-month-old 
and 8- to 9-month-old Caucasian-White infants, recognition through the visual paired 
comparison (VPC) procedure used by Kelly et al. (2007, 2009) and preference 
through the visual preference (VP) procedure used by Quinn et al (2002, 2008).  
On the basis of a caregiver-primacy model in which young infants primarily 
experience and form their principal attachment to female caregivers, our prediction 
was that young infants would be better able to recognize own-race female faces and 
prefer them in comparison with own-race male faces and other-race faces, but that 
there would be no such effects in the case of male faces.  On the other hand, we 
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expected that older infants' cumulative experience extending the effect beyond the 
primary caregiver would result in a processing advantage for own race faces that is 
applied to male as well as female faces.  
Experiment 1 
In Experiment 1, we investigated the relation between face gender and the 
ORE. Three- to 4-month-old and 8- to 9-month-old Caucasian-White infants were 
presented with a VPC test similar to the one by Kelly et al (2007, 2009) but with 
cropped female and male Caucasian-White, Chinese, and Malay faces. If the cropped 
faces meant that specialization could occur for most experience faces, we expected 3- 
to 4-month-olds to show a face recognition advantage for female own-race faces. 
Method 
Participants. Seventy-five Caucasian-White babies from the United 
Kingdom, 37 aged 3-4 months (25 females, mean age = 123 days: range 104 - 140 
days) and 38 aged 8-9 months (15 females, mean age 276 days: range 259 - 293 days) 
were tested. All participants were healthy full term infants recruited from the 
maternity unit of the Royal Lancaster Infirmary. Eighteen babies were excluded from 
the final analysis due to fussiness (n = 9), side bias during testing (> 95% looking 
time to one side; n = 5) and equipment failure (n = 4). A further 5 infants who were 
directly exposed to other-race faces (e.g., family friend, neighbours) were also 
removed.  The population of Lancaster is predominantly Caucasian-White, so any 
form of exposure to other race faces is likely to be very low. All parents reported 
female own-race face type as infants’ primary caregiver. Participants were randomly 
assigned to one of the three ethnic conditions, with 12 to 13 in each condition.  
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 Apparatus. Testing sessions were conducted in a small, dimly lit infant 
testing laboratory in the infancy laboratory, Lancaster University. Infants sat on a 
parent’s lap 60 cm from a Panasonic (32 inch) colour display monitor, placed at 
infants’ eye level. A video camera positioned in front of the display monitor oriented 
towards the infant fed to another monitor in an adjoining control room to allow the 
experimenter to record infants’ looking times. Habit X 1.0 software (Cohen, 
Atkinson, & Chaput, 2004) running on a Macintosh computer was used to control the 
presentation of stimuli, record infants’ looking times during each trial, and calculated 
when infants met the habituation criterion. 
Stimuli. The images were photographs of students (age 18 to 30 years) from 
Lancaster University, UK (Caucasian-White faces), and Sunway University, Malaysia 
(Chinese and Malay faces) database. Both other-race faces had different skin tone 
from Caucasian-White faces and Chinese faces had pronounced featural differences. 
The faces were aligned on eye and mouth positions and luminance normalized for all 
images (mean = 110). These faces (30 of each face race) were selected based on 20 
adult Caucasian-White and 20 adult Chinese raters’ judgments on a 7-point scale of 
clarity, face typicality, and attractiveness. Twelve adult female and male faces with 
the highest scores in clarity and face typicality, but average scores on attractiveness, 
were selected as stimuli for this experiment. The latter criterion was applied to ensure 
that none of the faces was distinctively attractive which could result in spontaneous 
preference for attractiveness (Slater et al., 1998). The faces were from three different 
ethnic groups (4 Chinese, 4 Malays, and 4 Caucasian-Whites). Each was 
photographed in two views (frontal view and a ¾ profile view) leading to 24 images 
in total. The varied face view between familiarisation and testing is preferred to using 
identical pictures because it ensures that face recognition – as opposed to picture 
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recognition (i.e., image matching) – is tested (Bruce & Young, 1986). All pictures 
were color portraits, cropped to the same oval shape with little hair information, and 
were approximately the same quality (e.g., on a black background, equal size, same 
eye and hair color).  
Procedure. Participants were randomly assigned to one of the three ethnic-
group conditions (Chinese, Malay, and Caucasian-White) and one of the two view-
order conditions (frontal-profile or profile-frontal, see Figure 1). Infants were 
habituated and tested with male and female face blocks with a 10 min break between 
counterbalanced blocks. For example, following habituation to female Caucasian-
White faces in the frontal orientation, infants were tested with the familiar stimulus 
paired with a novel female Caucasian-White stimulus, both displayed in the same 3/4 
profile orientation. Face recognition was indicated by longer looking at the novel 
face. We varied face views between habituation and test phases to ensure that face 
recognition was tested as opposed to picture recognition (Bruce & Young, 1986; 
Bruce et al., 1999).  
 
Figure 1. Sample stimuli from the Chinese female and Malay male conditions. The 




Habituation Phase. Each trial consisted of presentation of a single face 
measuring 15cm x 18cm (14° visual angle horizontally and 17° visual angle 
vertically) on a 45cm x 30cm (40° visual angle horizontally and 28° visual angle 
vertically) monitor.  Although this face differed between infants, for each infant the 
same face was presented across habituation trials.  Half the infants were habituated to 
a frontal view and half to a profile view. The habituation session began with the 
presentation of an attention-getter, an animated oscillating sounding rattle presented 
prior to each trial to direct the infant’s gaze toward the monitor. Habituation trials 
began once infants attended to the monitor.  Each trial continued until 30 seconds had 
elapsed, or when infants looked away for two continuous seconds once they had 
looked for a minimum of 1 second. The experimenter, who was blind to the stimulus 
presented, recorded infants' looking times on each trial using Habit X 1.0 (Cohen et 
al., 2004) by pressing a key while the infant fixated the image. When the infant 
averted gaze from the screen for two continuous seconds, the trial ended and the 
image disappeared. The attention-getter was then repeated to get the infant’s gaze 
back to the screen whereupon the next trial began. Habituation trials ceased when 
infants' looking time (on any trial) was equal to or less than 50% of the average 
looking time for the first two trials. If this criterion was not met by the 12th trial, data 
were excluded from the analysis.  
Test Phase. The test phase consisted of two trials, in each of which two faces 
(the habituated face and a novel face) were presented. On each trial the paired faces 






Preliminary analyses of habituation and test trials revealed no significant 
effects or interactions involving participant gender or view-order condition, so the 
data were collapsed across these factors in subsequent analyses. 
Habituation trials. Habituation time (total looking time across trials) was 
analyzed in a 2 (participant age: 3-4 or 8-9 months) x 3 (face race: Chinese, Malay, or 
Caucasian-White) x 2 (face gender: female or male) mixed ANOVA with face gender 
as a repeated measure. This yielded a significant effect of face gender, F (1, 60) = 
20.668, p < .001, η² = .256, in which male faces were habituated to more quickly (M = 
35.1s) than females faces (M = 47.25s).  A significant face gender x age interaction 
was also found, F (1, 60) = 4.308, p = .042, η² = .067 (see Table 1). Simple main 
effects showed that although male faces were habituated to more quickly than female 
faces in both 3- to 4- and 8- to 9-month-olds (p ≤ .025), 3- to 4-month-olds habituated 
more slowly than 8- to 9-month-olds to female faces, t (64) = -2.172, p = .034, but 
there was no age effect for male faces, t (64) = -.393, p = .696. There were no main 
effects of face race, nor were there any interactions.  
Table 1 
Total fixation time (standard deviation) on habituation trials for female versus male 
faces in 4- and 9-month-olds 
Age Female faces Male faces 
4-month-olds 53.42 (3.72) 35.72 (2.78) 
9-month-olds 41.08 (3.48) 34.47 (2.6) 
 
 Test trials. The proportions of time spent looking at the novel stimulus 
(novelty-preference: see Figure 2) were averaged from both trials of the test phase and 
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analyzed in a 2 (age: 3-4 or 8-9 months) x 3 (face race: Chinese, Malay, or Caucasian-
White) x 2 (face gender: female or male) mixed ANOVA with face gender as a within 
factor. There were no significant main effects.  But, importantly in relation to our 
prediction, there was a significant 3-way interaction between age x face race x face 
gender, F (2, 69) = 7.453, p < .001, η² = .178. To investigate this interaction, separate 
analyses were carried out for each age group. 
The data for 3- to 4-month-olds showed a significant interaction between face 
race x face gender, F (2, 34) = 5.761, p = .007, η² = .253. Simple main effects yielded 
face gender differences for Caucasian-White faces, t (10) = 2.342, p = .041: infants 
showed better recognition (reflected in larger novelty preference scores) for 
Caucasian-White female faces (M = 68.17) than Caucasian-White male faces (M = 
40.87). In contrast, simple main effects did not show any face gender differences for 
Chinese faces, t (12) = -1.027, p = .325, or Malay faces, t (12) = -1.112, p = .288. 
Simple main effects yielded face race differences for female faces, F (2, 34) = 5.608, 
p = .008, but not for male faces, F (2, 34) = 1.849, p = .173. Post-hoc Bonferonni 
comparison on female faces showed novelty-preference for Caucasian-White female 
faces to be significantly higher than novelty-preference for Chinese (p = .03) and 
Malay (p = .009) female faces.  
 In contrast, the face race x face gender interaction was not significant for 8- to 
9-month-olds, F (2, 35) = 1.722, p = .193, η² = .090. Instead, there was a significant 
main effect of face race, F (2, 35) = 3.368, p = .046, η² = .161. Post-hoc Tukey tests 
revealed significant differences between Chinese and Caucasian-White faces (p = 
.049), but not between Chinese and Malay faces (p = .886), or Malay and Caucasian-
White faces (p = .143).  
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Figure 2. Proportion of novelty-preference as a function of participant age, face race, 
and face gender. Note. 'Rising' bars indicate novelty-preference. 
To further investigate novelty-preferences within each age group, we 
conducted a series of two-tailed t-tests to determine whether the time spent looking at 
novel stimuli differed from chance (50%). Three- to four-month-olds demonstrated a 
significant departure from chance showing novelty-preference for female Caucasian-
White faces (p = .009), and 8- to 9-month-olds did for both female (p = .033) and 
male (p = .004) Caucasian-White faces (see Figure 2). The own-race novelty 
preference for male Caucasian-White faces was at chance level for 3- to 4-month-olds 
(p = .243). And the other-race novelty-preferences were at chance level for both 3- to 


















































8- to 9-month-olds 
14 
Discussion 
Two major findings emerged from this investigation. Firstly, accuracy of face 
recognition at 3-4 months depends on both face gender and face race. At this age, 
infants showed face recognition only for female own-race faces. Secondly, at 8-9 
months, face recognition is simply dependent on race and is no longer dependent on 
gender. Infants are better at recognizing both female and male own-race faces 
compared with faces from other, less experienced races.  
The finding with the younger age group is consistent with the findings of 
Sangrigoli and de Schonen (2004), and Hayden et al. (2007) that younger (3-month-
old) Caucasian-White infants showed an ORE for female faces. This agreement in 
results is in keeping with our suggestion that face specialization should be evident 
first with female, own-race faces and would be most likely to be evident when using 
cropped faces that required infants to process configurational facial information. In 
contrast, it seems likely that studies that found no evidence of early specialization for 
own-race or female faces at 3 to 4 months (Ferguson et al., 2007; Kelly et al., 2007b, 
2009) arose because they were able to rely on external detail such as hairstyle. Thus, 
it is possible that their work tapped into a low-level process that may not be subject to 
the same specialization as a result of experience. This conclusion is in keeping with 
previous work showing better face recognition from the external features than the 
internal ones in young infants (e.g., Pascalis et al., 1995; Turati et al., 2006).  
In contrast, 8- to 9-month-olds showed a general ORE that was not specific to 
gender, which is consistent with previous discrimination studies on infants (e.g., Kelly 
et al., 2007b, 2009). It is likely that this developmental change relates to infants' 
changing face experience. In most instances, young infants have more exposure to 
adult female faces than they have to adult male faces (Ramsey, Langlois, & Marti, 
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2005; Ramsey-Rennels & Langlois, 2006; Rennels & Davis, 2008). However, by 5 
months, there is a threefold increase in experience with male strangers (see Rennels & 
Davis, 2008, p.671), which may explain the extension of specialization (and hence the 
ORE) to male faces. This is consistent with exposure training studies to reduce the 
ORE in infants (e.g., Anzures et al., 2012; Heron-Delaney et al., 2011; Sangrigoli & 
de Schonen, 2004). It can be argued that the development of the ORE happen first in 
the case of primary caregivers’ gender faces, and later with other gender, not 
necessarily due to differential contact but quality of contact (e.g., forming an 
attachment relationship, Scherf & Scott, 2012) 
A preference for own-race female faces emerges at 3 months for infants with 
predominantly own-race experience (Bar-Haim et al., 2006) and infants with female 
primary caregivers (Quinn et al., 2002; 2008). It is tempting to speculate that the 
emergence of ORE with female faces and parallel emergence of female face 
preference are linked.  A newborn tendency to orient to face stimuli in general (see 
Johnson, Ellis, & Morton, 1991, CONSPEC) may be replaced to a tendency to orient 
to and learn about the face(s) matching the gender of the most frequently experienced 
faces.  Thus, by 3 months, infants show both a spontaneous preference to orient to 
female faces and face specialization for female faces reflected in emergence of the 
ORE for that gender alone.  Some months later, however, likely through increased 
experience with male faces, the tendency to orient to male faces increases so that the 
gender preference is eliminated and face specialization (and the ORE) becomes 
general across gender. In Experiment 2, to test this potential link, we examined 4- and 
9-month-old Caucasian-White infants' spontaneous preferences for own-race female 
versus male faces.  Our prediction was that there would be a female face preference at 




Participants. A second sample of 28 Caucasian-White infants, 14 aged 4 
months (6 females, mean age = 129 days: range 116 - 147 days) and 14 aged 9 
months (5 females, mean age = 279 days: range 260 - 297 days) from the population 
described above participated in the spontaneous visual preference (VP) task.  An 
additional five infants were excluded due to side biases (n = 2) and fussiness (n = 3). 
Again, all participants had female (own-race) primary caregivers.  
Stimuli. A total of sixteen Caucasian-White adult faces (8 males and 8 
females) were used as stimuli. Each of the selected 16 adults photographs were 
presented full-face in a frontal orientation. These faces were selected based on the 
same adult raters’ judgments on a 7-point scale of attractiveness with 7 being 
‘extremely attractive’ and 1 being ‘extremely unattractive from a pool of 30 
Caucasian-White faces. Faces that were judged as average were selected as stimuli for 
this experiment. We used this rating scale because previous research on face 
preference only focused on adult raters’ attractiveness judgment (e.g., Quinn et al., 
2002). The female faces had a mean rating of 4.25 (SD = .42) and the male faces had 
a mean rating of 4.36 (SD = .62). 
Procedure. Infants viewed six 10 sec. preference trials, each of which paired a 
male face with a female face. Each trial presented pairings of different faces randomly 
ordered. The left-right positioning of the two genders was counterbalanced across 
infants. Each trial began with a presentation of the attention-getter until infants 




Results and Discussion 
To determine whether infants showed a spontaneous visual preference for one 
of the two face genders, preference scores for female faces were calculated for each 
infant (Quinn et al., 2002; Quinn et al., 2008). The total length of time looking at the 
female faces was divided by the total time spent looking at both female and male 
stimuli. Four-month-olds' mean preference for female faces (M = 57.8%; SD = 9%) 
was reliably different from chance, t (13) = 3.255, p = .006, η² = .67, and 12 out of 14 
infants had preferences above 50%, binomial probability, p = .01. By contrast, 9-
month-olds' preference for female over male faces was not significantly different 
from chance, M = 51.38% (SD = 7%), t (13) = .721, p = .484, η² = .196, and only 6 of 
14 infants had preferences above 50% (binomial probability, p = .79). Moreover, the 
female preference mean scores at 4 and 9 months were reliably different, t (26) = 
2.09, p = .047, η² = .379.  
Replicating the Quinn et al. (2002) finding with 3-month-olds, our 4-month-
old infants showed a spontaneous preference for female over male own-race faces 
when infants had female primary caregivers. Importantly, however, this preference 
was absent in 9-month-olds.  
General Discussion 
In Experiment 1, younger infants did not show face discrimination for other 
races, but perform better than chance for own-race female faces. In addition, this 
female recognition advantage is likely linked to preference for female faces, 
particularly when infants’ primary caregiver is female. Of equal importance, 9-month-
old infants in the current study showed recognition advantage for own-race faces 
regardless of gender and the lack of a female recognition advantage may be linked to 
the absence of gender preference in the older age group.  
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It would seem that our results from both the novelty-preference and the 
spontaneous-preference study are consistent with the modifiable multidimensional 
face-space model (Valentine, 1991) according to which faces are encoded relative to 
the central tendency (or face prototype), which is based on distinctiveness and 
experience of the encoded face. From birth, infants show a tendency to orient toward 
faces, preferring prototype (attractive) faces. This initial prototype is general across 
gender and race (and possibly to an extent even species). However, this orienting 
process leads to specialization in the face space, such that both orienting preference 
and processing advantages are shifted towards the face type most frequently 
encountered, typically female faces. Furthermore, as Scherf and Scott (2012) noted, 
the essential developmental task of forming attachment relationships with caregivers 
involves seeking proximity and perceptually discriminating the primary caregivers 
from all others, making female own-race faces the most socially and emotionally 
relevant of all faces in young infants’ world (e.g., Fagan, 1976; Ward, 1998; Walton et 
al., 1992). Later in development, in part because experience of male faces increases, 
both the orienting preference and the processing advantage (and hence the ORE) 
become general to male and female faces. According to an attachment-based account, 
as infants establish additional attachment relationships with other individuals (e.g., 
male caregivers), their representational space for faces will self-organise to reflect the 
perceptual characteristics of these other individuals. Therefore, instead of suggesting 
a purely experienced-based explanation in understanding the ORE of face processing 
advantages in infants, it is likely that social factors such as attachment relationships 
may influence changes in how infants attend and process faces.  
 An important avenue for future research is the investigation of own- versus 
other-race face discrimination in infants raised in a heterogeneous versus 
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homogeneous environments. Some work already exists on face recognition in infants 
reared in heterogeneous environments. For example, in their investigation of 3-
month-olds’ preferences for own- versus other-race faces, Bar-Haim et al. (2006) 
found that Ethiopian African 3-month-olds living in a heterogeneous housing unit for 
new immigrants in Israel showed no preference for either African or Caucasian-White 
faces. In terms of face discrimination, a recent study by Gaither, Pauker, & Johnson 
(2012) showed that 3-month-old Caucasian-White and Asian infants raised in a 
heterogeneous environment did not indicate any novelty-preference for either 
Caucasian-White or Asian faces. Specifically, these infants did not discriminate 
between exemplars of own-race and other-race female faces. The authors suggest that 
the ORE may not develop as early for infants who grow up in a racially diverse 
environment. Direct comparison of face recognition by infants growing up in 
homogeneous and heterogeneous environments will add to our understanding of the 
effects of differing experience on face recognition.  
In addition, because the present finding with 3- to 4-month-olds and the 
previous findings with 3-month-olds (Hayden et al., 2007; Sangrigoli & de Schonen, 
2004) showed an ORE when external facial information was controlled, the next 
important question is whether an initial race-general perceptual ability can be found in 
infants younger than 3-months when using the same cropped faces. 
In conclusion, the current study is the first to systematically investigate the 
interaction between face race and face gender within the first year of life. Our main 
finding was that ORE at 3 to 4 months of age is limited to female faces and coincides 
with infants’ predominant experience with female own-race faces during that period. 
A plausible basis for these results is that the early emergence of preference and ORE 
for female faces is related to infants' experience of the primary caregiver, and it is 
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likely that both quantity and quality of contact (the latter likely relating to attachment) 
contribute to this gender effect and its subsequent disappearance.  Investigation of the 
relative contribution of quantity and quality of contact is beyond the scope of the 
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